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20*  ABSTRACT  (cont) 
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choices.  Several  parameters  from  the  different  phases  of  dust  cloud 
transmission  problems  have  been  varied  within  appropriate  ranges. -*  The  more 
Important  parameters  which  can  cause  wide  variations  In  theV calculated 
transmittance  are:  \ 

•  The  fraction  of  the  actual  crater  mass  remaining  airborne,  which 
affects  the  degree  of  obscuration 


•  Wind  direction,  which  affects  the  position  of  the  cloud  with  respect  to  1 

the  transmission  line  of  sight  j 

•  The  dust  particle  size  distribution  within  the  cloud,  which  affects  the  ' 
wavelength  dependence  of  the  obscuration 


Comparisons  with  test  data  from  the  Dusty  Infrared  Test  (DIRT)  series  show 
that  current  models  are  now  able  to  correctly  simulate  many  effects  in  dust 
cloud  transmittance.  Such  comparisons  have  also  shown  a  need  for  further 
Improvements  in  the  following  areas: 

J 

•  Initial  (<  10  s)  dust  cloud  development,  models  generally  show 
different  transmittance  drop-offs  In  this  time  frame  than  the  data  would 
indicate  for  explosions  on  the  transmission  line  of  sight 

•  Inclusion  of  large  turbulence  eddies  in  dust  cloud  growth  and  movement 
(transmittance  data  often  show  "holes"  appearing  in  clouds) 

•  A  better  determination  of  the  ground-hugging,  nonbuoyant  dust  skirt  ; 
(Most  transmission  measurements  occur  within  3  m  of  the  surface.) 

| 

•  Inclusion  of  variation  of  meteorological  parameters  for  long  persisting 
(>  1  min)  dust  clouds 
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Figure 


22.  DIRT- I I  Trial 

23.  OIRT-II  Trial 

24.  DIRT-I I  Trial 

25.  OIRT-II  Trial 

26.  DIRT- I I  Trial 


A-ll  wind  Direction  {10.37  Micrometers) 

B-7  Soil  Distribution  (0.55  Micrometer) 

B-7  Soil  Distribution  (10.37  Micrometers) 
A-ll  Soil  Distribution  (0.55  Micrometer) 
A-ll  Soil  Distribution  (10.37  Micrometers) 


1.  INTRODUCTION 


The  modeling  of  artillery-produced  and  high-explosive-produced  dust  clouds  and 
the  resultant  transmission  of  visible  and  infrared  radiation  through  these 
clouds  can  be  divided  into  three  phases.  The  first  phase  deals  with  cratering 
and  initial  cloud  properties  and  determines  how  much  material  is  put  into  the 
cloud.  The  second  phase  deals  with  transport  and  diffusion  of  the  resulting 
dust  cloud  and  is  important  in  determining  the  density  of  the  dust  cloud  and 
its  position  with  respect  to  the  transmission  line  of  sight.  The  third  phase 
deals  with  the  transmission  of  visible  and  infrared  radiation  through  the  dust 
aerosol  and  depends  upon  the  particle  size  distribution  and  the  composition  of 
the  material  in  the  cloud. 

In  modeling  the  transmission  through  dust  clouds,  certain  inputs  to  the  models 
are  desired,  but  these  inputs  may  not  always  correspond  to  directly  measured 
(or  measurable)  quantities.  Table  1  shows  some  parameters  which  are  commonly 
used  in  modeling,  either  as  inputs  or  Internally  carried  values,  along  with  a 
comment  about  what  quantity  is  actually  measured.  Uncertainties  arise  in 
determining  a  best  value  to  be  used  because  either  the  measurement  Itself 
yields  a  large  range  of  possible  values  and  an  interpolation  is  then  required, 
or  the  quantity  cannot  be  readily  measured  and  an  "educated  guess"  must  be 
made. 

The  effect  on  the  resultant  transmission  of  the  range  of  values  of  the  model 
input  parameters  shall  be  studied  here.  The  standard  for  comparison  shall  be 
the  measured  transmission  through  artillery-produced  dust  clouds.  The  desired 
model  output  is  the  calculated  transmittance  at  selected  visible  and  infrared 
wavelengths.  Selected  inputs  from  each  of  the  three  phases  of  the  dust  cloud 
transmission  problem  shall  be  varied  to  determine  their  effects  on  and 
importance  to  the  resultant  transmittance. 

2.  SELECTION  OF  TEST  DATA  AND  MODEL  PARAMETERS 

The  test  data  shall  be  taken  from  the  Dusty  Infrared  Test  -  II  (DIRT-II) 
Drogram‘  conducted  at  White  Sands  Missile  Range,  NM,  in  July  1979.  The  test 
series  consisted  of  single  explosions  from  tube-delivered  (live  fire) 
artillery  rounds,  statically  detonated  artillery  shells,  and  statically 
detonated  bare  charges.  From  the  many  cases  available,  this  report  shall  use 
selected  cases  of  105-mm  and  155-mm  shells.  The  quantity  used  for  comparison 
shall  be  the  transmittance  through  the  artil lery-produced  dust  clouds.1 
Figures  1  and  2  are  examples  of  the  transmittance  at  visible  and  Infrared 
wavelengths  versus  time  for  statically  detonated  105-mm  and  155-mm  shells. 


lB.  W.  Kennedy,  Editor,  1980,  Dusty  Infrared  Test  -  II  (DIRT-II)  Program, 
ASl-TR-0058,  Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Range,  NM 

*J.  A.  Curcio,  K.  M.  Haught,  and  M.  A.  Waytko,  1980,  "Transmittance 
Measurement  at  DIRT-II,"  Chapter  6  In  Dusty  Infrared  Test  -  II  (DIRT-II) 
Program,  ASL-TR-0058,  (8.  W.  Kennedy"!  Edi tor) ,  Atmospheric  Sciences 

Laboratory,  White  Sands  Missile  Range,  NM 


7 


TABLE  1.  MODELING  PARAMETERS 


Need  to  know 

What  is  Measured 

Crater  volume 

Apparent  crater  diameter(s)  and  depth 

Mass  lofted 
-  Cloud  and  dust  skirt 

No  direct  measurements 

(debris  measurements  -  Indirect) 

Energy  partitioned 
(to  Initial  cloud) 

No  direct  measurements 

(cloud  rise  rates  -  indirect) 

Pasqulll  category 

Estimated  from  solar  Insolation, 
cloud  cover,  and  windspeed 

Wlndspeed  and  wind  direction 

Wlndspeed  and  wind  direction 
(often  at  different  location) 

Particle  size  distribution 
(in  the  cloud) 

Particle  size  groups  (sand/silt/clay) 
Sieve  and  hydrometer  sizing  (soil) 
Impactor  sampling  (cloud) 

Real-time  in-situ  sampling  (cloud) 

The  dust  cloud  transmission  model  used  Is  one  being  developed  under  the 
auspices  of  the  US  Army  Atmospheric  Sciences  Laboratory.1  *  5  While  this 
specific  model  can  neither  (and  need  not)  represent  all  the  various  inputs 
required  by  different  models  nor  identically  parallel  all  algorithms  and 
methods  of  solution  used.  It  Is  a  reasonable  representation  of  the  state  of 
the  art  In  dust  cloud  obscuration  modeling.*  7  The  main  objective  Is  to 


5J.  H.  Thompson,  1979,  Models  for  Munitions  Dust  Clouds,  ASL-CR-79-0005-2, 
Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Range,  NM 


*J.  H.  Thompson,  1980,  ASL-OUST:  A  Tactical  Battlefield  Oust  Cloud  and 

Propagation  Code,  Volume  1  -  Model  formulations,  ASL-Cft-80-0143-1,  Atmospheric 
Sciences  Laboratory,  White  Sands  Missile  Range,  NM 

5J.  H.  Thompson,  1980,  ASL-OUST:  A  Tactical  Battlefield  Dust  Cloud  and 

Propagation  Code,  Volume  \  -  User's  Manual,  ASL~Cft-80-0l43-2,  Atmospheri c 
Sciences  Laboratory,  White  Sands  Missile  Range,  NM 

‘M.  G.  Heaps,  1980,  "Evaluation  of  Cratering  Parameter  on  Transmission  Through 
Artillery  Produced  Dust  Clouds  (U),"  Proceedings  of  the  Smoke/Obscurants 
Symposium  IV,  Volume  2,  DRCPM-SMK-T-OOl-SO,  CONFIDENTIAL,  Harry  Diamond 
Laboratories,  Adel  phi,  MD 

?M.  G.  Heaps,  1980,  "The  Effect  of  Meteorological  Parameters  on  Artillery 
Produced  Dust  Cloud  Size,  Growth,  and  Transport  (U),"  Proceedings  of  the 
Smoke/Obscurants  Symposium  IV,  Yolume  2,  DRCPM-SMK-T-OOr^Bo,  CONFIDENTIAL, 
Harry  Diamond  Laboratories,  Adelphi,  MD 
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select  a  representative  subset  of  potential  input  parameters  and  determine  the 
sensitivity  of  the  modeled  transmittance  to  their  variation. 

The  first  phase  of  dust  cloud  modeling  deals  with  cratering  and  the  properties 
of  the  initial  (that  is,  essentially  instantaneous)  cloud.  Several  scaling 
laws  have  been  developed  which  relate  the  apparent  crater  volume  to  the 
explosive  charge  type  and  positioning.  Typical  variations  of  actual  crater 
volumes  about  the  mean  predicted  crater  volume  are  +30  percent,  that  is, 
approximately  a  factor  of  two  variation  between  the  smaller  and  large  crater 
volumes  for  a  given  soil  type. 

Next  one  nust  determine  how  nuch  of  the  actual  crater  volume  becomes  airborne 
in  the  dust  cloud,  as  opposed  to  being  distributed  as  crater  ejecta  about  the 
rim.  Current  estimates  are  that  25  percent  of  the  apparent  crater  volume 
actually  enters  the  cloud,  but  there  is  certainly  another  factor  of  two 
variation  inherent  here.  The  basic  quantity  whicb'heeds  to  be  specified  is 
how  much  material  is  actually  in  the  cloud,  and  this  quantity  is  a  function  of 
the  apparent  crater  volume,  the  fraction  which  enters  the  cloud,  and  the  soil 
type.  The  basic  parameter  used  here  shall  be  called  the  lofted  crater  mass 
(Lcm),  which  shall  be  used  as  a  nultipl icative  factor  relating  the  amount  of 

soil  lofted  to  the  explosive  charge  weight. 


M(kg)  =  0.25  p  Lcmw1,in 


(1) 


where  M  is  the  amount  lofted  (kilograms),  p  is  the  soil  density  (kilograms  per 
cubic  meter),  and  W  is  the  explosive  charge  (In  pounds  of  TNT).  Lcm  has  a 

median  value  of  0.03  for  artillery  shells,  but  can  vary  between  0.01  and 
0.075. 

The  initial  (that  is,  "instantaneous")  size  of  an  artillery  dust  cloud  is 
usually  scaled  to  an  equivalent  radius,  determined  from  shock  wave  theory, 
which  is  approximately  the  radius  of  a  sphere  whose  size  is  determined  by  the 
amount  of  explosive  energy  available  to  do  work  expanding  the  cloud  against 
atmospheric  pressure.  For  artillery  shells,  this  equivalent  radius  is  on  the 
order  of  2  to  3  m.  The  initial  cloud  is  often  not  spherical,  particularly  fcr 
cased  and  shaped  charges,  and  thus  an  ellipsoid  may  be  chosen  for  the  initial 
cloud  shape.  However,  the  subsequent  growth  and  diffusion  of  the  cloud  begins 
to  obscure  the  effects  of  any  initial  shape  within  a  few  seconds.  Thus,  the 
effects  of  incorrectly  scaling  the  initial  cloud  shape  are  felt  to  be  less 
important  than  the  possible  variation  in  the  parameter  governing  the  Lcm,  and 

these  effects  would  be  most  noticeable  only  in  the  early  period  of  dust  cloud 
growth. 

Visual  examination  of  high-explosive'  and  artillery-produced  dust  clouds  shows 
that  a  nonbuoyant  base  cloud  or  dust  skirt  accompanies  the  formation  of  the 
buoyantly  rising  main  dust  cloud.  For  modeling  purposes  this  initial  base 
cloud  is  given  three  times  the  horizontal  dimensions  and  the  same  vertical 
extent  as  the  initial  main  dust  cloud.  The  airborne  mass  of  the  base  cloud  or 
dust  skirt  is  taken  to  be  10  percent  that  of  the  main  cloud.  The  subsequent 
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diffusion  and  transport  of  the  base  cloud  or  dust  skirt  are  taken  to  be 
Independent  of  the  main  cloud,  though  governed  by  the  same  physics  and 
meteorology.  The  base  cloud  Is  taken  to  be  "cold"  and  therefore  has  no 
subsequent  vertical  rise  other  than  by  diffusion.  Because  most  lines  of  sight 
for  electro-optical  sensors  are  near  the  ground,  the  base  cloud  or  dust  skirt 
plays  a  large  role  In  the  resultant  dust  cloud  obscuration  effects.  Because 
the  base  cloud  Is  initially  scaled  to  the  main  cloud,  the  potential  errors  and 
variation  of  parameters  Inherent  in  the  formulation  of  the  main  cloud  are  also 
present  for  the  base  cloud. 

Therefore,  the  variations  possible  In  the  first  phase  of  dust  cloud  modeling, 
which  governs  cratering  and  Initial  cloud  properties,  center  primarily  In  the 
areas  of  determining  the  amount  of  actual  material  In  the  cloud,  defining  the 
shapes  of  the  initial  base  and  main  cloud,  and  determining  the  airborne  mass 
of  the  base  cloud  or  dust  skirt.  The  largest  uncertainty  Is  In  the  parameter 
lcm,  which  scales  the  amount  of  material  in  the  dust  cloud  as  a  function  of 

soil  type.  This  parameter  shall  be  varied  to  represent  the  largest  range  of 
uncertainties  present  in  the  first  phase. 

The  second  phase  of  dust  cloud  modeling  d'-c.ls  with  transport  and  diffusion,  is 
influenced  heavily  by  meteorological  parameters,  and  determines  the 
distribution  and  position  of  the  cloud  with  respect  to  the  optical  line  of 
sight.  Four  parameters  influence  this  phase  of  the  modeling  problem.  The 
first,  the  energy  partitioned  E0,  represents  that  fraction  of  energy  of  the 

initial  explosion  which  is  available  for  the  rise  and  expansion  of  the  main 
cloud.  Current  estimates  place  the  value  of  Ep  at  25  to  30  percent,  but  there 

is  certainly  a  factor  of  two  variability,  depending  on  explosive  charge  type, 
placement,  and  soil  characteristics. 

The  next  three  parameters  express  the  dependence  of  this  phase  of  dust  cloud 
modeling  on  meteorological  quantities.  The  Pasqulll  category  represents  a 
quantification  of  atmospheric  stability  In  six  discrete  steps  from  very 
unstable  to  very  stable  (the  conventional  Pasqulll  categories  A  through  F). 
This  parameter  is  estimated  from  meteorological  observations  of  windspeed, 
cloud  cover,  and  solar  insolation.  Its  use  within  the  model  Is  to  select  sets 
of  values  to  be  used  in  the  diffusion  of  the  base  cloud  and  of  the  main  cloud 
after  its  buoyant  rise  and  expansion  phase.  The  final  two  parameters  are  the 
windspeed  and  wind  direction.  These  can  be  measured  directly  (though  usually 
not  precisely  where  the  cloud  Is  at  any  given  moment)  and  used  as  Inputs  to 
the  dust  cloud  model.  In  practice  these  parameters  are  usually  held  constant 
or  averaged  over  periods  of  1  or  2  minutes,  which  are  the  normal  lifetimes  of 
single  artillery  dust  clouds. 

The  third  phase  of  dust  cloud  modeling  deals  with  the  transmission  of 
radiation  through  the  dust  cloud  and  depends  primarily  upon  the  composition 
and  particle  size  distribution  of  the  cloud.  The  composition  of  the  soil  and 
Its  optical  properties  (that  Is,  wavelength  dependent  indices  of  refraction) 
can  be  determined  to  some  degree  from  soil  samples.  In  addition,  the  current 
model  allows  that  30  percent  of  the  explosive  charge  by  weight  produce 
micrometer  sized  carbon  particles  which  are  evenly  distributed  throughout  the 
cloud.  An  actual  determination  of  the  cloud's  particle  size  distribution  has 
proved  to  be  a  difficult  problem.  Attempts  have  been  made  to  measure  the 
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particle  size  distribution  "in-situ"  at  various  tests,1  '  *  “  but  results  are 
not  yet  felt  to  be  reliable  or  representative.  Soil  samples  and  soil  sieving 
techniques  can  give  a  reasonable  representation  of  the  gross  particle  size 
distribution  of  the  soil  In  its  natural  state,  but  whether  the  explosion 
Itself  preserves  this  "natural  size"  distribution  is  unclear.  To  be  able  to 
adequately  model  a  wide  range  of  soil  types,  the  current  model  uses  an  easily 
and  commonly  measured  parameter  which  is  the  percentage  composition  of  the 
soil  as  sand,  silt,  and  clay.  Sand  represents  particles  of  size  50um  to 
2000ym,  silt  represents  particles  of  size  2pm  to  50ym,  and  clay  represents 
particles  of  size  <  2ym.  Representative  particle  size  distributions  and 
indices  of  refraction  are  assigned  to  each  group.  The  composition  of  the 
initial  cloud  Is  then  related  directly  to  the  soil  composition,  with  an  added 
small  component  of  carbon.  Subsequent  settling  of  the  large  size  particles  as 
time  progresses  will  then  cause  a  change  in  the  relative  composition  of  the 
cloud  and  also  in  its  optical  properties. 

Table  2  lists  the  parameters  to  be  varied  in  subsequent  simulations  of  test 
data.  Where  it  is  applicable,  the  average  value  of  the  parameter  and  its 
range  are  also  given. 

3.  COMPARISON  OF  MODELED  VARIATION  WITH  TEST  DATA 

The  test  data  shown  in  figures  1  and  2  illustrate  two  points  which  should  be 
noted.  First,  the  rather  jagged  or  stochastic  nature  of  the  actual 
transmission  data  is  due  to  turbulence  and  the  many  small  inhomogeneities 
actually  present  within  the  cloud;  often  large  eddies  are  present  which  give 
brief  "transmission  holes"  in  the  dust  cloud.  It  is  beyond  the  state  of 
current  computer  codes  to  model  anything  but  a  continuum  approach  to  the 
effects  of  turbulence  and  therefore  simulated  transmission  data  appear  as 
smooth  curves.  Second,  the  actual  data  often  show  larger  transmittances  at 
Infrared  than  at  visible  wavelengths,  as  figures  1  and  2  demonstrate.  This 
particular  feature,  while  frequently  observed,  is  by  no  means  consistently 
present  even  within  a  test  series. 


'B.  W.  Kennedy,  Editor,  1980,  Dusty  Infrared  Test  -  II  (DIRT-II)  Program, 
ASl-TR-0058,  Atmospheric  Sciences  Laboratory.,  White  Sands  Missile  Range,  NM 

*G.  Fernandez  and  R.  G.  Pinnick,  1980,  "Particle  Size  Measurements,"  Chapter  8 
in  Dusty  Infrared  Test  -  II  ( DIRT  II)  Program,  ASL-TR-0058,  (B.  W.  Kennedy, 
Editor),  Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Range,  NM 

’J.  Mason,  1980,  "Site  Characterization  for  the  M8CE/DIRT-II  Battlefield 
Environment  Tests,"  Chapter  9  in  Dusty  Infrared  Test  -  II  (DIRT-II)  Program, 
ASL-TR-0058,  (B.  W.  Kennedy,  Editor),  Atmospheric  Sciences  Laboratory,  White 
Sands  Missile  Range,  NM 

* 'J.  D.  Lindberg,  Compiler,  1979,  Measured  Effects  of  Battlefield  Dust  and 
Smoke  on  Visible,  Infrared,  and  MiTHmeter  Wavelength  Propagation:  A 

Preliminary  Report  on  Dusty  Infrared  Test  -  I  (dIRT-TTT  ASL-TR-0021 , 
Atmospheric  Sciences  Laboratory,  White  Sands  Missile  flange,  NM 
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TABLE  2.  VARIA8LE  PARAMETERS 


_ Parameter _ Value  Used 

Crater  mass  lofted  (Lcm)  (relates  the  Fcm  *  0.06  -  0.075 

amount  jof  material  lofted  to  the  size  of  range:  0.01  to  0.075 
the  explosive  charge;  a  function  of  charge 
type,  placement,  and  soil  type). 

Energy  partitioned  (Ep)  (a  measure  of 
the  fraction  of  explosive  energy  available 
for  rise  and  expansion  of  the  main  cloud; 
a  function  of  charge  type,  placement,  and 
soil  type). 

Pasqulll  category  (a  quantification  of  A  -  F 

atmospheric  stability  affecting  the  (value  estimated  from 

diffusion  of  the  cloud).  meteorological  obser¬ 

vations) 

range:  +_ one  category 

Wlndspeed  Measured  (average)  value 

range:  +0.5  to  1  m/s 

Wind  direction  Measured  (average)  value 

range:  +10° 

Based  on  percentage  composition 
of  sand,  silt,  and  clay  In  the 
soil . 

range:  +10  to  20  percent  of 
measured  values 


r  -  0.25 
P 

range:  0.125  to  0.5 


Particle  size  distribution  (present 
distribution  for  different  soil  com¬ 
ponents  are  used). 


Two  test  cases,  already  shown  In  figures  1  and  2,  have  been  chosen  to 
illustrate  the  variation  one  might  expect  between  actual  and  simulated 
transmission  data  when  the  Input  quantities  to  th»  model  are  changed.  The 
first  case  is  for  a  105-mm  shell  detonated  a  reasorable  distance  from  the  line 
of  sight.  The  detonation  cloud  was  carried  across  the  line  of  sight  at  a 
somewhat  oblique  angle.  The  second  case  is  for  a  larger  155-mm  shell 
detonated  closer  to  the  line  of  sight.  The  detonation  cloud  was  carried 
almost  parallel  to,  but  slightly  away  from,  the  line  of  sight.  Table  3  gives 
the  basic  input  data  for  each  case. 

Figures  3  through  6  show  the  simulated  transmittances  for  105-mm  (trial  B-7) 
and  155-™  (trial  A- 11)  explosions.  The  visible  (0.55um)  and  infrared 
(10.37ym)  transmittances  are  shown  separately.  The  parameter  which  has  been 
varied  is  the  Lcn).  The  larger  values  were  taken  from  the  averaged  crater 

sizes  for  all  statically  detonated  105-mm  and  155-mm  shells,  respectively. 
The  smaller  values  of  tcm  were  chosen  as  a  lower  limit  for  the  types  of  desert 

soils  present  in  the  DIRT  series.  As  might  be  expected,  the  measured  Lcm  for 

the  respective  sets  of  trials  give  the  better  representation  of  the  measured 
transmittances. 

Figures  3  and  4  show  that  the  early  time  modeled  transmittances  do  not  drop 

off  as  rapidly  as  the  test,  data  would  indicate.  Examination  of  numerous  cases 

of  similarly  placed  charges  (that  is,  more  than  10  m  from  the  line  of  sight, 
such  that  the  cloud  is  not  Initially  in  the  line  of  sight)  shows  a  similar 
trend.  The  indication  is  that  the  size  and  expansion  of  the  base  cloud  o** 
dust  skirt  are  not  correctly  modeled  for  the  first  few  seconds  of  the  dust 
cloud's  lifetime.  In  contrast,  for  dist  clouds  which  are  very  close  to  the 
line  of  sight,  similar  to  those  plotted  in  figures  5  and  6  and  other  cases 
which  were  examined,  the  modeled  transmittances  dropped  off  more  rapidly  than 
the  measured  ones.  The  indication  here  is  that  the  transmissometer  may  not 
have  responded  accurately  during  the  initial  seconds  of  rapid  transmission 
decrease.  Thus,  comparisons  between  simulated  and  measured  data  for  Initial 
times  less  than  approximately  10  seconds  may  not  always  be  valid. 

Figures  3  through  6  show  that  the  larger  values  for  the  Lcm  factor  provide  the 

better  simulation  of  the  transmission  data.  Because  the  main  cloud  eventually 
rises  several  tens  of  meters  above  the  surface,  while  the  base  cloud  stays 
within  several  meters  of  the  surface,  the  main  cloud  moves  out  ahead  of  the 

base  cloud  or  dust  skirt  due  to  the  normal  wind  shears  present  in  the 

atmospheric  boundary  layer.  Thus  for  trials  such  as  B-7,  shown  in  figures  3 
and  4,  where  the  cloud  is  blown  across  the  line  of  sight,  the  obscuration  at 
later  times  is  due  primarily  to  the  base  cloud;  the  main  cloud  is  above  and 
beyond  the  line  of  sight  at  these  later  times.  In  trial  A-ll  (figures  5  and 
6)  the  bulk  of  the  obscuration  at  earlier  times  is  caused  by  the  main  cloud 
because  the  track  of  the  two  clouds  so  closely  parallels  the  line  of  sight. 
The  main  cloud,  while  above  the  line  of  sight,  is  still  expanding  down  into 
It;  after  about  40  seconds  the  base  cloud  also  begins  to  diffuse  up  into  the 
line  of  sight  and  causes  the  majority  of  the  obscuration  after  this  time.  The 
decline  in  the  rate  of  improving  transmittance  seen  In  figures  5  and  6  after 
60  seconds  is  due  to  the  continued  diffusion  of  base  cloud  up  into  the  line  of 
sight,  while  the  larger  particles  (>80gm)  of  the  main  cloud  are  beginning  to 
settle  down  into  the  line  of  sight. 
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TABLE  3. 

INPUT  DATA  FOR  TEST  CASES 

Parameters 

B-7  (105  mm) 

A-ll  (155  mm) 

Oi stance  from  line  of  sight 

19.5  m  east 

10.4  m  west 

Height  of  line  of  sight 
above  detonation  point 

7.5  m 

7.5  m 

Estimated  Pasqulll  category 

B 

B 

Wlndspeed 

2.4  m/s 

3.7  m/s 

Wind  direction 

165° 

36® 

Angle  of  wind  wrt  line  of  sight 

41°  (across) 

10°  (away) 

Soil  type 

Silty  clay  with  varying  amounts  of  sand; 
composition  taken  as  25  percent  sand, 

50  percent  silt,  25  percent  clay 

Indices  of  refraction 

\  a  0.55um 

\  *  10.37um 

Clay 

1.52  -  0.00071 

2.16  -  0.1491 

snt 

1.55  -  0.00011 

2.35  -  0.03151 

Sand 

1.55  -  0.00011 

2.35  -  0.03151 

Carbon 

1.75  -  0.441 

2.22  -  0.7261 

Type  of  explosive  charge 

Statically  detonated  artillery  shell 
placed  with  nose  tip  on  the  ground  at 
an  angle  of  about  11°  with  the  surface 
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FIGURE  3-  DIRT  II  TRIAL  B-7  CRATER  SCALING. 

Variation  in  or~a  tor  wealing  factor. 
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FIGURE  4.  DIRT  II  TRIAL  B-7  CRATER  SCALING. 

Variation  in  onafcwn  wealing  factor. 
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FIGURE  5.  DIRT  II  TRIAL  All  CRATER  SCALING. 
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Figures  7  through  10  show  the  effect  of  varying  the  energy  partitioned 
fraction,  Ep.  The  figures  show  that  as  the  Ep  fraction  increases  the 

simulated  transmittances  are  decreased  during  the  main  portion  of  the  recovery 
phase.  This  increase-decrease  phenomenon  is  due  to  two  reasons:  (1)  The 
Initial  size  of  the  main  cloud,  and  hence  the  base  cloud  or  dust  skirt,  is 
scaled  to  the  amount  of  energy  "available"  to  the  cloud  from  the  explosion. 
Thus  for  larger  values  of  Ep  the  initial  base  and  main  clouds  are  larger  and 

extend  into  the  line  of  sight  to  a  greater  extent.  (2)  Although  the  main 
cloud  is  rising  at  a  somewhat  more  rapid  rate,  it  is  also  expanding  at  a  more 
rapid  rate  such  that  the  amount  of  material  in  the  line  of  sight  due  to  the 
main  cloud  is  slightly  increasing.  Only  at  later  times,  after  the  cloud  has 

moved  through  and  away  from  the  line  of  sight,  does  the  effect  of  a  larger, 

more  diffuse  cloud  finally  dominate;  and  the  larger  values  of  Ep  begin  to  show 

a  slightly  larger  transmittance. 

Figures  11  through  14  show  the  effect  of  varying  the  Pasquill  category.  This 
parameter  is  varied  in  a  step-like  manner,  and  the  range  of  simulated 

transmittances  shows  the  importance  of  making  an  initially  reasonable 
estimate.  The  Pasquill  parameter  primarily  controls  the  diffusion  of  the  base 
cloud  and,  after  the  rise  and  expansion  phase,  of  the  main  cloud.  The  effect 
of  changing  the  Pasquill  category  to  more  unstable  conditions  is  to  increase 
the  rate  of  diffusion  of  the  cloud  which,  for  the  cases  illustrated,  causes 
more  material  to  be  diffused  into  the  line  of  sight.  Thus  changing  the 

Pasquill  category  from  B-A  decreases  the  simulated  transmittance.  Figures  12 
and  14  indicate  that  for  infrared  transmission  a  change  in  the  Pasquill 
category  to  a  more  unstable  value  at  later  times  gives  a  somewhat  better  fit 
to  the  data,  which  may  indicate  that  the  transport  and  diffusion  of  the  larger 
particles  in  the  late-time  cloud  have  been  initially  underestimated. 

Figures  15  through  18  show  the  effect  of  varying  the  windspeed.  The  general 
effects  are  small,  particularly  when  the  cloud  tends  to  parallel  the  line  of 
sight,  as  in  figures  17  and  18.  When  the  wind  is  more  of  a  crosswind  to  the 
line  of  sight,  the  entire  profiles  just  slide  over  a  few  seconds  in  time, 
which  is  what  one  would  expect.  Of  course  the  two  profiles  are  not  absolutely 
identical  due  to  small  differences  in  the  respective  speeds  of  the  main  and 
base  clouds. 

Figures  19  through  22  illustrate  the  effects  of  changing  the  wind  direction. 
The  differences  are  larger  here  for  slight  changes  in  wind  direction  than  they 
were  for  the  previous  changes  in  windspeed.  For  trial  A-ll  (figures  21  and 
22),  where  the  cloud  path  nearly  parallels  the  line  of  sight,  a  slight  change 
in  direction  causes  a  very  large  change  in  the  simulated  transmittances.  In 
this  instance  the  simulated  cloud  path  is  only  5°  from  the  line  of  sight;  for 
the  earlier  part  of  the  Infrared  transmission  profile  in  figure  22,  this 
altered  wind  direction  gives  a  better  fit  to  the  data,  though  this  does  not 
seem  to  be  the  case  for  the  visible  transmission  profile  in  figure  21.  Again 
this  may  be  an  indication  that  the  transport  and  diffusion  of  the  various 
particle  size  groups  are  not  being  optimally  modeled.  In  reality,  the  wind 
direction  and  windspeed  do  vary  slightly  on  time  scales  of  a  few  seconds; 
these  factors  are  two  causes  of  the  stochastic  nature  of  the  actual 
transmission  data. 
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FIGURE  13.  DIRT  II  TRIAL  All  PASQUILL  CATEGORY. 

Variation  ov«r~  Pa»qui  1  1  Stability  Catsqor  i  «<*. 


0  20  40  60  80  100  120 


TIME  (SEC) 

FIGURE  14.  DIRT  II  TRIAL  All  PASQUILL  CATEGORY. 

Variation  ov«r~  Paoqu  ill  Stability  Catogorloa. 
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FIGURE  15.  DIRT  II  TRIAL  B-7  WINDS 

Variation  In  wl nd«p««d  with  constant  dlraotlon. 
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FIGURE  17.  DIRT  II  TRIAL  All  WINDS 

V  ar i a t i  on  in  wlnd*p**d  with  oonutant  dlraotion. 


FIGURE  18.  DIRT  II  TRIAL  All  WINDS 

Variation  in  w i nd«p«*d  with  oon»tant  diraotion. 
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Figures  23  and  26  show  the  changes  In  simulated  transmittance  for  a  change  In 
soil  composition,  and  hence  particle  size  distribution.  The  best  Initial 
estimate  for  the  soils  of  the  DIRT-II  series  was  a  composition  of  25  percent 
clay,  50  percent  silt,  and  25  percent  sand.  To  define  a  soil  with  a  particle 
size  distribution  weighted  toward  larger  sizes,  a  composition  of  8  percent 
clay,  12  percent  silt,  and  80  percent  sand  was  selected.  Figures  23  through 
26  show  generally  higher  simulated  transmlttances  for  this  second  soil 
composition.  This  difference  Is  to  be  expected  because  the  larger  sizes  tend 
to  give  an  overall  smaller  cross  section  to  mass  ratio.  Also  the  ratio  of 
visible  to  infrared  transmlttances  Is  larger  for  the  second  soil 
composition.  Again  this  is  to  be  expected  because  the  smaller  proportion  of 
clay-sized  particles  (mean  diameter  0.5pm)  causes  relatively  less  extinction 
In  the  visible  range. 

4.  DISCUSSION  AND  CONCLUSIONS 

The  first  phase  of  dust  cloud  modeling  governs  the  cratering  and  initial  cloud 
properties.  The  largest  uncertainty  lies  in  the  correct  determination  of  the 
actual  amount  of  crater  material  which  Is  lofted  and  remains  airborne.  Of 
secondary  importance  are  the  shape  and  size  of  the  Initial  buoyant  cloud  and 
nonbuoyant  dust  skirt.  Using  the  Lcm  as  the  variable,  comparisons  with  test 

data  showed  that  the  larger  values  of  Lcm  gave  the  better  fits  mainly  because 
a  cased  artillery  shell  gives  a  larger  crater  than  an  equivalent  bare  charge 
for  a  given  placement  and  soil  type. 

The  second  phase  of  dust  cloud  modeling  deals  with  transport  and  diffusion. 
Four  parameters  were  varied  here.  The  first,  the  explosive  energy  partitioned 
to  the  initial  cloud,  Ep,  Influences  the  initial  size  of  the  main  cloud,  and 

hence  the  base  cloud  which  is  scaled  to  the  main  cloud,  and  the  rise  and 
expansion  of  the  main  cloud  during  its  buoyant  period.  Increasing  Ep  tends  to 

reduce  the  calculated  transmittance  during  the  early  recovery  phase  because 
the  larger  base  cloud  and  more  rapidly  expanding  main  cloud  usually  place  more 
mass  into  the  transmissometer  line  of  sight.  The  second  parameter  P$,  the 

Pasquill  category,  is  a  quantification  of  atmospheric  stability.  Allowing  the 
Pasquill  parameter  to  assume  higher  values,  that  is,  to  represent  a  more 
unstable  or  turbulent  atmosphere,  is  similar  in  its  effect  to  Increasing  the 
previous  parameter  Ep.  Higher  values  of  P$  tend  to  cause  lower  simulated 

values  of  transmittance  because  more  of  the  cloud  is  able  to  diffuse  into  the 
line  of  sight.  Ps  is  varied  in  discrete  steps,  while  nature  varies  In  a 

continuous  manner;  therefore,  a  certain  amount  of  care  should  be  taken  In 
correctly  estimating  a  value  of  P$  to  be  used  for  modeling.  The  third 

parameter,  the  windspeed,  directly  affects  the  transport  of  the  cloud.  But 
its  variation  within  a  reasonable  range  was  shown  to  have  a  small  effect, 
particularly  when  the  cloud's  path  was  more  or  less  parallel  to  the  line  of 
sight.  The  fourth  parameter,  the  wind  direction,  also  affects  the  transport 
of  the  cloud.  However,  small  variations  of  the  wind  direction  were  found  to 
produce  large  changes  In  simulated  transmlttances,  In  this  case  particularly 
when  the  cloud  path  was  along  the  line  of  sight.  Therefore,  of  the  four 
parameters  in  the  transport  and  diffusion  phase  of  dust  cloud  modeling,  Ep  and 


P$  were  found  to  have  similar  effects,  the  wlndspeed  was  found  to  be  of  lesser 
importance,  and  the  wind  direction  was  of  major  importance. 

The  third  phase  of  dust  cloud  modeling  deals  with  transmission  through  the 
cloud.  The  Important  quantities  here  are  the  particle  size  distribution  and 
the  Indices  of  refraction.  The  particle  size  was  chosen  as  the  parameter  to 
be  varied.  The  best  approach  has  been  to  divide  the  soil  up  Into  component 
parts,  such  as  sand,  silt,  and  clay,  which  can  be  determined  from  soil 
analysis,  and  then  assign  a  particle  size  distribution  and  set  of  refractive 
Indices  to  each  component.  These  sets  of  size  distributions  are  then  taken  to 
be  present  In  the  Initial  cloud  In  the  same  proportion  as  In  the  soil.  The 
variation  of  the  soil  components  can  then  change  the  relative  transmlttances 
of  visible  and  Infrared  wavelengths. 

Thus,  all  three  phases  of  modeling  of  dust  clouds  from  artillery  explosions 
are  sensitive  to  model  parameters  which  cannot  always  be  specified  with  high 
precision.  The  magnitudes  of  the  changes  In  transmission  produced  by 
reasonable  changes  or  uncertainties  are  comparable  In  several  of  these  model 
parameters.  Areas  have  been  identified  In  which  further  model  development  is 
necessary.  These  areas  Include  the  early  dynamic  phase  of  base  cloud  and  main 
cloud  formation,  variations  In  meteorological  parameters  over  the  time  scale 
considered  along  with  the  large-scale  turbulence,  and  the  time  dependent 
particle  size  distribution  within  the  cloud. 
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ATTN:  Technical  Information  Center 
Orlando,  FL  32813 

Georgia  Institute  of  Technology 
Engineering  Experiment  Station 
ATTN:  Dr.  Robert  W.  McMillan 
Atlanta,  GA  30332 


Georgia  Institute  of  Technology 
Engineering  Experiment  Station 
ATTN:  Dr.  James  C.  Wiltse 
Atlanta,  GA  30332 

Commandant 

US  Army  Infantry  Center 

ATTN:  ATSH-CD-MS-E  (Mr.  Robert  McKenna) 

Fort  Benning,  GA  31805 

Commander 

US  Army  Signal  Center  &  Fort  Gordon 

ATTN:  ATZHCD-CS 

Fort  Gordon,  GA  30905 

Commander 

US  Army  Signal  Center  S  Fort  Gordon 

ATTN:  ATZHCD-G 

Fort  Gordon,  GA  30905 

USAFETAC/DNE 

ATTN:  Mr.  Charles  Glauber 
Scott  AFB,  IL  62225 

Commander 

Air  Weather  Service 

ATTN:  AWS/DNDP  (LTC  Kit  G.  Cottrell) 

Scott  AFB,  IL  62225 

Commander 

Air  Weather  Service 

ATTN:  AWS/DOOF  (MAJ  Robert  Wright) 

Scott  AFB,  IL  62225 

Commander 

US  Army  Combined  Arms  Center 
&  Ft.  Leavenworth 

ATTN:  ATZLCA-CAA-Q  (Mr.  H.  Kent  Pickett) 
Fort  Leavenworth,  KS  66027 

t 

Commander 

US  Army  Combined  Arms  Center 
S  Ft.  Leavenworth 

ATTN:  ATZLCA-SAN  (Robert  DeKinder,  Jr.) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Combined  Arms  Center 
S  Ft.  Leavenworth 

ATTN:  ATZLCA-SAN  (Mr.  Kent  I.  Johnson) 
Fort  Leavenworth,  KS  66027 


Commander 

US  Army  Combined  Arms  Center 
&  Ft.  Leavenworth 

AnM:  ATZLCA-WE  (LTC  Darrell  Holland) 
Fort  Leavenworth,  KS  66027 

President 

USAARENBO 

ATTN:  ATZK-AE-TA  (Dr.  Charles  R.  Leake) 
Fort  Knox,  KY  40121 

Commander 

US  Anny  Armor  Center  and  Fort  Knox 
ATTN:  ATZK-CO-MS 
Fort  Knox,  KY  40121 

Commander 

US  Arny  Armor  Center  and  Fort  Knox 
ATTN:  ATZK-CD-SD 
Fort  Knox,  KY  40121 

Aerodyne  Research  Inc. 

ATTN:  Dr.  John  F.  Ebersole 
Crosby  Drive 
Bedford,  MA  01730 

Commander 

Air  Force  Geophysics  Laboratory 
ATTN:  OPA  (Dr.  Robert  W.  Fenn) 

Hanscom  AFB,  MA  01731 

Commander 

Air  Force  Geophysics  Laboratory 
ATTN:  OPI  (Dr.  Robert  A.  McClatchey) 
Hanscom  AFB,  MA  01731 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

ATTN:  Dr.  T.  J.  Goblick,  B-370 

P.P.  Box  73 

Lexington,  MA  02173 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

ATTN:  Dr.  Michael  Gruber 

P.0.  Box  73 

Lexington,  MA  02173 


Raytheon  Company 

Equipment  Division 

ATTN:  Dr.  Charles  M.  Sonnenschein 

430  Boston  Post  Road 

Way! and,  MA  01778 

Commander 

US  Army  Ballistic  Research  Laboratory/ 
ARRAOCOM 

ATTN:  DRDAR-8LB  (Mr.  Richard  McGee) 
Aberdeen  Proving  Ground,  MO  21005 

Commander/Di rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
&  Development  Command 
ATTN:  DRDAR-CLB-PS  (Dr.  Edward  Stueblng) 
Aberdeen  Proving  Ground,  MO  21010 

Commander/Di  rector 
Chemical  Systems  Laboratory 
US  Amy  Armament  Research 
&  Development  Command 
ATTN:  DRDAR-CLB-PS  (Mr.  Joseph  Vender) 
Aberdeen  Proving  Ground,  MD  21010 

Commander/Di  rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
&  Development  Command 
ATTN:  DRDAR-CLY-A  (Mr.  Ronnald  Pennsyle) 
Aberdeen  Proving  Ground,  MD  21010 

Commander 

US  Army  Ballistic  Research  Laboratory/ 
ARRAOCOM 

ATTN:  DRDAR-TSB-S  (STINFO) 

Aberdeen  Proving  Ground,  MO  21005 

Commander 

US  Army  Electronics  Research 
i  Development  Command 
ATTN:  DRDEL-CCM  (W.  H.  Pepper) 

Adel  phi,  MD  20783 

Commander 

US  Army  Electronics  Research 
t  Development  Command 
ATTN:  ORDEL-CG/DRDEL-DC/DRDEL-CS 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 
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Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DROEL-CT 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-PAO  (Mr.  Steven  Kimmel) 

2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Project  Manager 
Smoke/Obscurants 
ATTN:  DRDPM-SMK 

(Dr.  Anthony  Van  de  Wal ,  Jr.) 
Aberdeen  Proving  Ground,  MD  21005 

Project  Manager 
Smoke/Obscurants 

ATTN:  ORDPM-SMK-T  (Mr.  Sidney  Gerard) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Test  A  Evaluation  Command 
ATTN:  DRSTE-AD-M  (Mr.  Warren  M.  Baity) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Test  A  Evaluation  Command 
ATTN:  DRSTE-AD-M  (Dr.  Norman  E.  Pentz) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-AAM  (Mr.  William  Smith) 
Aberdeen  Proving  Ground,  MD  21005 

Di rector 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-CS  (Mr.  Philip  H.  Beavers) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-G8  (Wilbur  L.  Warfield) 
Aberdeen  Proving  Ground,  MD  21005 


Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GP  (Mr.  Fred  Campbell ) 

Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GS 

(Mr.  Michael  Starks/Mr.  Julian  Chernick) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-J  (Mr  James  F.  O'Bryon) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-LM  (Mr.  Robert  M.  Marchetti ) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

Harry  Diamond  Laboratories 
ATTN:  Dr.  William  W.  Carter 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 

ATTN:  DELHD-R-CM  (Mr.  Robert  McCoskey) 

2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Robert  Humphrey) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Z.  G.  Sztankay) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Joseph  Nemarich) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 
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Commander 

Air  Force  Systems  Command 

ATTN:  WER  {Mr.  Richard  F.  Picanso) 

Andrews  AFB,  MO  20334 

Martin  Marietta  Laboratories 
ATTN:  Jar  Mo  Chen 
1450  South  Rolling  Road 
Baltimore,  MO  21227 

Commands'' 

US  Army  Concepts  Analysis  Agency 
ATTN:  CSCA-SMC  (Mr.  Hal  E.  Hock) 

8120  Voodnont  Avenue 
Bethesda,  MO  20014 

Oi rector 

National  Security  Agency 
ATTN:  R52/0r.  Douglas  Woods 
Fort  George  G.  Meade,  MO  20755 

Chief 

Intelligence  Materiel-  Development 
4  Support  Office 

US  Army  Electronic  Warfare  Laboratory 
ATTN:  DELEW- I  (LTC  Kenneth  E.  Thomas) 
Fort  George  G.  Meade,  MD  20755 

The  John  Hopkins  University 
Applied  Physics  Laboratory 
ATTN:  Or.  Michael  J.  Lun 
John  Hot>kins  Road 
Laurel  1,  MO  20810 

Dr.  Stephen  T.  Hanley 
1720  Rhodesia  Avenue 
Oxon  Hill,  MD  20022 

Science  Applications  Inc. 

ATTN:  Mr.  G.  D.  Currie 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Science  Applications  Inc. 

ATTN:  Dr.  Robert  E.  Turner 
15  Research  Drive 
Ann  Arbor,  MI  48103 


Commander 

US  Amy  Tank-Automotive  Research 
4  Development  Command 
ATTN:  DRDTA-ZSC  {Mr.  Harry  Young) 

Warren,  MI  48090 

Commander 

US  Army  Tank  Automotive  Research 
4  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Wallace  Mick,  Jr.) 
Warren,  MI  48090 

Dr.  A.  D.  Belmont 
Research  Division 
Control  Data  Corporation 
P.0.  Box  1249 
Minneapolis,  MN  55440 

Director 

US  Army  Enqr  Waterways  Experiment  Station 
ATTN:  WESEN  (Mr.  Janes  Mason) 

P.0.  Box  631 
Vicksburg,  MS  39180 

Commander 

US  Arny  Research  Office 
ATTN:  DRXRO-GS  (Dr.  Leo  Alpert) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Artry  Research  Office 
ATTN:  DRXRO-PP  (Brenda  Mann) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Army  Cold  Regions  Research 
4  Enqineerinq  Laboratory 
ATTN:  CRREL-RD  (Dr.  K.  F.  Sterrett) 
Hanover,  NH  03755 

Commander/Di rector 
US  Army  Cold  Regions  Research 
4  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  George  Aitken) 
Hanover,  NH  03755 
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Commander 

US  Army  Cold  Regions  Research 
4  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  Roger  H.  Berger) 
Hanover,  NH  03755 

Commander 

US  Army  Armament  Research 
4  Development  Command 
ATTN:  DRDAR-AC  (Mr.  James  Greenfield) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
4  Development  Command 
ATTN:  DRDAR-TSS  (Bldg  #59) 

Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
4  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  Peteris  Jansons) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
4  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  G.  H.  Waldron) 
Dover,  NJ  07801 

Deputy  Joint  Project  Manager 
for  Navy/USMC  SAL  GP 

ATTN:  ORCPM-CAWS-NV  (CPT  Joseph  Mi cell) 
Dover,  NJ  07801 

Commander/Di  rector 
US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-I  (Mr.  David  Longinotti) 

Fort  Monmouth,  NJ  07703 

Commander/Di  rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-PE  (Mr.  Ben  A.  Di  Campli) 

Fort  Monmouth,  NJ  07703 


Commander/Di  rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-R-S  (Mr.  Donald  L.  Foiani) 
Fort  Monmouth,  NJ  07703 

Director 

US  Army  Electronics  Technology  4 
Devices  Laboratory 
ATTN:  DELET-DD  (S.  Danko) 

Fort  Monmouth,  NJ  07703 

Project  Manager 
FIREFINDER/REMBASS 

ATTN:  DRCPM-FFR-TM  (Mr.  John  M.  Bialo) 
Fort  Monmouth,  NJ  07703 

Commander 

US  Army  Electronics  Research 
4  Development  Command 
ATTN:  DRDEL-SA  (Dr.  Walter  S.  McAfee) 
Fort  Monmouth,  NJ  07703 

OLA,  2WS  (MAC) 

Holloman  AFB,  NM  88330 

Conmander 

Air  Force  Weapons  Laboratory 
ATTN:  AFWL/WE  (MAJ  John  R.  El  rick) 
Kirtland,  AFB,  NM  87117 

Director 

USA  TRAOOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002 
Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Dolores  Anguiano) 

White  Sands  Missile  Range,  NM  88002 

Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TD8  (Mr.  Louie  Dominguez) 
White  Sands  Missile  Range,  NM  88002 

Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  William  J.  Leach) 
White  Sands  Missile  Range,  NM  88002 
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Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TGP  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Range,  NM  88002 

D1 rector 

Office  of  Missile  Electronic  Warfare 
ATTN:  OELEW-M-STO  (Or.  Steven  Kovel) 
White  Sands  Missile  Range,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test  Program 
ATTN:  DRXOE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Amy  White  Sands  Missile  Range 
ATTN:  STEWS-PT-AL  (Laurel  B.  Saunders) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Army  RSD  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APO  New  York  09080 

Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  (Bette  Smith) 

Grifflss  AFB,  NY  13441 

Dr.  Roberto  Yagl lo-Laurln 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
26-36  Stuyvesant  Street 
New  York,  NY  10003 


Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wrlght-Patterson  AFB,  OH  45433 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  Sill,  OK  73503 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(COR  Jeffrey  G.  Carlen) 

Fort  Sill,  OK  73503 

Commandant 

US  Amy  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 

The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Plerlulssl 
El  Paso,  TX  79968 


Air  Force  Wright  Aeronautical  Laboratories/  Commandant 
Avionics  Laboratory  US  Amy  Air  Defense  School 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher)  ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 
Wrlght-Patterson  AFB,  OH  45433  Fort  Bliss,  TX  79916 
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Director 

USA  TRAOOC  Systems  Analysis  Activity 
ATTN:  ATAA-TGP  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Range,  W  88002 

Director 

Office  of  Missile  Electronic  Warfare 
ATTN:  OELEW-M-STO  (Dr.  Steven  Kovel) 
White  Sands  Missile  Range,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test  Program 
ATTN:  QRXDE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Army  White  Sands  Missile  Range 
ATTN:  STEWS-PT-Al  (Laurel  8.  Saunders) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Army  RAD  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APO  New  York  09080 

Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  (Bette  Smith) 

Griff Iss  AFB,  NY  13441 

Or.  Roberto  Vagi io-Laurin 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
26-36  Stuyvesant  Street 
New  York,  NY  10003 


Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wright-Patterson  AFB,  OH  45433 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  Sill,  OK  73503 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

L'S  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(CDR  Jeffrey  G.  Carlen) 

Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Conmander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 

The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Pierluissi 
El  Paso,  TX.  79968 


Air  Force  Wright  Aeronautical  Laboratories/  Commandant 
Avionics  Laboratory  US  Army  Air  Defense  School 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher)  ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 
Wright-Patterson  AFB,  OH  45433  Fort  Bliss,  TX  79916 


Commander 

HQ,  TRADOC  Cobmlned  Arms  Test  Activity 
ATTN:  ATCAT-OP-Q  (CPT  Henry  C.  Cobb,  Jr.) 
Fort  Hood,  TX  76544 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-SCI  (Dr.  Darrell  W.  Collier) 
Fort  Hood,  TX  76544 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-L 
Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-M  (Mr.  Paul  E.  Carlson) 

Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  John  Trethewey) 

Dugway,  UT  84022' 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-OA-T  (Mr.  William  Peterson) 

Dugway,  UT  84022 

Defense  Documentation  Center 
ATTN:  DOC-TCA 
Cameron  Station  Bldg  5 
Alexandria,  VA  22314 
12 

Ballistic  Missile  Defense  Program  Office 
ATTN:  DACS-BMT  (Colonel  Harry  F.  Ennis) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Technical  Information  Center 
ATTN:  OOA-2  (Mr.  James  E.  Shafer) 

Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 


Commander 

US  Army  Materiel  Development 
S  Readiness  Command 

ATTN:  0RC8SI-EE  (Mr.  Albert  Glambalvo! 
5001  Elsenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Materiel  Development 
1  Readiness  Command 
ATTN:  DRCLDC  (Mr.  James  Bender) 

5001  Elsenhower  Avenue 
Alexandria,  VA  22333 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Steve  Zakanyez 
1400  Wilson  Blvd 
Arlington,  VA  22209 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Dr.  James  Tegnella 
1400  Wilson  Blvd 
Arlington,  VA  22209 

Institute  for  Defense  Analyses 
ATTN:  Mr.  luclen  M.  Blberman 
400  Army-tfavy  Drive 
Arlington,  VA  22202 

Institute  for  Defense  Analyses 
ATTN:  Dr.  Ernest  8auer 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  of  Defense  Analyses 
ATTN:  Dr.  Hans  G.  Wolfhard 
400  Army-Navy  Drive 
Arllngon,  VA  22202 

System  Planning  Corporation 
ATTN:  Mr.  Daniel  Friedman 
1500  Wilson  Boulevard 
Arlington,  VA  22209 

System  Planning  Corporation 
ATTN:  COL  Hank  Shelton 
1500  Wilson  Boulevard 
Arlington,  VA  22209 
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US  Army  Intelligence  A  Security  Command 
ATTN:  Edwin  Speakman,  Scientific  Advisor 
Arlington  Hall  Station 
Arlington,  VA  22212 

Commander 

US  Army  Operational  Test 
A  Evaluation  Agency 
ATTN:  CSTE-EO  (Mr.  Floyd  I.  Hill) 

5600  Columbia  Pike 
Falls  Church,  VA  22041 

Commander  and  01 rector 
US  Army  Engineer  Topographic  laboratories 
ATTN:  ETL-GS-A  (Mr.  Thomas  Neldrlnghaus) 
Fort  Bel  voir,  VA  22060 

01  rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Rudolf  G.  Buser) 

Fort  Bel  voir,  VA  22060 

01  rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Or.  Robert  S.  Rodhe) 

Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Joseph  R.  Moulton) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  OELNV-VI  (Luanne  P.  Obert) 

Fort  Bel  voir,  VA  22060 

01  rector 

US  Army  Night  Vision 
A  Electro-Optics  Laboratory 
ATTN:  OELNV-VI  (Mr.  Thomas  W.  Cassidy) 
Fort  Bel  voir,  VA  22060 


Director 

US  Amy  Night  Vision  S 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Richard  J.  Bergemann) 
Fort  Bel  voir,  VA  22060 

01  rector 

US  Arny  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Dr.  James  A.  Ratches) 

Fort  Bel  voir,  VA  22060 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-AN  ' 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-AN-M 
Fort  Monroe,  VA  23651 

Commander 

US  Amy  Training  A  Doctrine  Command 
ATTN:  ATCD-F-A  (Mr.  Chris  O'Connor,  Jr.) 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-IE-R  (Mr.  David  M.  Ingram) 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-M-I/ATCD-M-A 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATDOC-TA  (Dr.  Marvin  P.  Pastel) 

Fort  Monroe,  YA  23651 

Department  of  the  Air  Force 
OL-I ,  AWS 

Fort  Monroe,  VA  23651 


Department  of  the  Air  Force 
HQS  5  Weather  Wing  (MAC) 

ATTN:  5  WW/DN 
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Comnander 

US  Amy  INSCOM/Quest  Research  Corporation 
ATTN:  Mr.  Donald  Wllmot 
6845  Elm  Street,  Suite  407 
McLean,  VA  22101 

General  Research  Corporation 
ATTN:  Or.  Ralph  Zirkind 
7655  Old  Sprlnghouse  Road 
McLean,  VA  22102 

Science  Applications,  Inc. 

8400  Westpark  Drive 
ATTN:  Dr.  John  E.  Cockayne 
McLean,  VA  22102 

US  Army  Nuclear  4  Chemical  Agency 
ATTN:  MONA-WE  (Dr.  John  A.  Berberet) 

7500  Backl Ick  Road,  Bldg  2073 
Springfield,  VA  22150 

Director 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-EA  (Mr.  Douglas  Harkleroad) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Director 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-OS  (Dr.  Royal  H.  Burkhardt) 
Vint  Hill  Farms  Station 
War>*entonf  VA  22186 

Commander 

US  Amy  Cold  Regions  Test  Center 
ATTN:  STECR-TD  (Mr.  Jerold  Barger) 

APO  Seattle,  WA  98733 

HQOA  (SAUS-OR/Hunter  M.  Woodall,  Jr./ 

Dr.  Herbert  K.  Fallin) 

Rm  2E  614,  Pentagon 
Washington,  DC  20301 

COL  Elbert  W.  Friday,  Jr. 

OUSORE 

Rm  3D  129,  Pentagon 
Washington,  DC  20301 


Defense  Communications  Agency 
Technical  Library  Center 
Code  222 

Washington,  DC  20305 
Director 

Defense  Nuclear  Agency 

ATTN:  Technical  Library  (Mrs.  Betty  Pox) 

Washington,  DC  20305 

Director 

Defense  Nuclear  Agency 
ATTN:  RAAE  (Dr.  Carl  Fltz) 

Washington,  DC  20305 

D1 rector 

Defense  Nuclear  Agency 

ATTN:  SPAS  (Mr.  Donald  J.  Kohler) 

Washington,  DC  20305 

Defense  Intelligence  Agency 
ATTN:  DT/AC  (LTC  Robert  Poplawskl) 
Washington,  DC  20301 

HQOA  (DAMA-ARZ-D/Dr.  Verderame) 
Washington,  DC  20310 

HQDA  (DAMI-ISP/Mr.  Beck) 

Washington,  DC  20310 

Department  of  the  Amy 
Deputy  Chief  of  Staff  for 
Operations  and  Plans 
ATTN:  DAMO-RQ 
Washington,  DC  20310 

Department  of  the  Army 
Director  of  Telecommunications  and 
Command  and  Control 
ATTN:  DAMO-TCZ 
Washington,  DC  20310 

Department  of  the  Arny 

Assistant  Chief  of  Staff  for  Intelligence 

ATTN:  DAMI-TS 

Washington,  CC  20310 


3st  Available  Copy 

National  Science  Foundation 
Division  of  Atmospheric  Sciences 
ATTN:  Dr.  Eugene  W.  Bierly 
1800  G.  Street,  N.W. 

Washington,  DC  20550 

Director 

Naval  Research  Laboratory 

ATTN:  Code  4320  (Dr.  Lothar  H.  Ruhnke) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6009  (Dr.  John  MacCallum,  Jr.) 

Washington,  DC  20375  - - 

Commanding  Officer  . 

Naval  Research  Laboratory 

ATTN:  Code  6530  (Mr.  Raymond  A.  Patten) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6533  (Dr.  James  A.  Dowling) 

Washington,  DC  20375 


HQOA  (DAEN-RDM/Dr.  de  Percin) 
Casimir  Pulaski  Building 
20  Massachusetts  Avenue 
Room  6203 

Washington,  DC  20314 
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